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(54) Microsphere and method for production thereof. 

(57) A method for the production of a microsphere without use of a dispersion stabilizer is disclosed which 
permits the microsphere to be produced in the form of discrete particles readily treatable for 
purification. The method which produces this microsphere comprises the steps of dissolving in an 
organic solvent such as an alcohol a monomer mixture including an ethylenically unsaturated amide 
and 10 to 70% by weight, based on 100% by weight of said monomer mixture, of a cross-linking agent 
thereby preparing a mixed solution, keeping said mixed solution at a temperature in the range of from 
30 c to 95 C and adding thereto at least one initiator selected from the group consisting of peroxide type 
initiators and azo type initiators in an amount such as to be contained therein at a final concentration in 
the range of from 7 10 5 to 8 10 2 mol/liter thereby inducing polymerization of said monomer 
mixture. The microsphere consequently obtained can be used as one kind of a substrate most suitable 
for the preparation of an affinity adsorbent serving ideally as a filler for use in affinity chromatography. 
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This invention relates to a novel microsphere and a method for the production thereof. 
The affinity chromatography is now an indispensable tool for persons who engage in works pertinent to 
organisms in various fields ranging from basic through applied branches of science. The dissertation presented 
by Cuatrecases et al. [Proc. Natl. Acad. ScL U.S., 61, 636-643 (1968)] may well be credited with fully famil- 
iarizing these persons to this method of analysis. Before the publication of this dissertation prevailed the idea 
of preparing an affinity adsorbent as a filler for use in affinity chromatography by fixing a ligand having affinity 
for a substance under test fast with a chemical bond on a substrate. This idea was not materialized until the 
use of plastic beads as a substrate was abandoned as unfit. The causes which used to obstruct the dissem- 
ination of affinity chromatography have been removed by adopting agarose gel beads as a substrate, also us- 
ing a method of cyanogen bromide activation for the fixation of a ligand, and further, in the fixation of a ligand 
of low molecular weight on a substrate, inserting a spacer between the ligand and the substrate. 

The affinity chromatography has since disseminated rapidly and, in consequence of the dissemination, 
numerous researches have been launched in search of an optimum substrate for the preparation of an ideal 
affinity adsorbent. It is generally held that the substrate is expected to fulfill such requirements as exhibiting 
hydrophilicity and chemical inactivity, possessing an activable functional group, abounding in physical and 
chemical stability, assuming the form of gel beads of a sturdy and porous structure, and featuring uniformity 
of size and toughness of the gel beads. 

Various kinds of substrates have been developed to date. Since no one substrate can meet all the con- 
ceivable purposes of analysis, various substrates such as cellulose, cross-linked dextran, agarose gel, poly- 
acrylamide gel, porous glass, polyhydroxy methacrylate gel, the gel produced by polymerizing a hydrophilic 
vinyl monomer, and the copolymer of agarose gel with polyacrylamide which are adapted for various purposes 
of analysis are being developed. 

The polyacrylamide gel is at an advantage in being so inactive biologically as to defy microorganic de- 
composition and retaining stability in solutions of various salts, surfactants, and guanidine hydrochloride nor- 
mally used in affinity chromatography so long as the pH value of solution is in the range of from 2 to 10. 

Further, the polyacrylamide gel is capable of fixing a ligand at a very high concentration on the basis of 
the amide group which is copiously present in the gel. Theoretically, it ought to permit formation of an adsorbent 
of extremely high capacity for adsorption. 

As respects the method for the production of this polyacrylamide gel, since the aqueous solution polymer- 
ization produces a highly viscous solution which is difficult to handle or purify, the method for producing the 
gel by precipitation polymerizing acrylamide in an alcohol is generally adopted. 

The primary particles which are obtained by precipitation polymerization undergo secondary aggregation 
and finally assume the form of coarse porous particles each forming an aggregate of a multiplicity of primary 
particles. Though these coarse particles enjoy the advantage of very easy handling, they are not disintegrate 
into individual discrete particles and have large and ununiform sizes. 

As a method for enabling the precipitation of acryl amide in an alcohol to produce discrete particles without 
entailing secondary aggregation of the primary particles, it has been reported that the addition of a suitable 
amount of methacrylic acid to the polymerization system permits production of discrete submicrons [H Kawa- 
guchi, etal., Polym. J., 23 (8), 955-962 (1991)]. Similarly, JP-A-63-90\521 discloses that polymer particles are 
obtained by the addition of an ethylenically unsaturated carboxylic acid monomer containing methacrylic acid 
without particularly requiring use of a dispersing agent. The report mentioned above further has a remark to 
the effect that, in the polymerization system with methacrylic acid, the number of particles is fixed during the 
initial stage of polymerization, the particles grow thereafter at a uniform pace, and the diameters of these par- 
ticles can be controlled by the methacrylic acid/acryl amide ratio to a level exceeding a micron. 

In the system mentioned in the report as described above, the formation of discrete particles is attained 
because the polymer containing methacrylic acid in a large amount plays the role of a dispersion stabilizing 
polymer. The use of such a dispersion stabilizing polymer as this is also proposed in JP-A-04-279 604 and JP- 
A-04-279,605. 

Since the dispersion stabilizer (dispersion stabilizing polymer) is used as an essential component, how- 
ever, this dispersion stabilizer is either coprecipitated with the formed polymer or dispersed in the reaction sol- 
ution together with the formed polymer. In order for the produced polymer to be used advantageously in the 
field of affinity chromatography which must avoid defilement by impurities to the utmost, it is important that 
the produced polymer be given a treatment for purification. The presence of the dispersion stabilizer (disper- 
sion stabilizing polymer), however, presents the problem of complicating this treatment for purification. 

Heretofore, in the use of the polyacryl amide gel as in affinity chromatography, for the purpose of fixing 
a ligand at an extremely high concentration by utilizing the amide richly present in the gel, the practice of pro- 
ducing gel beads having a porous structure and causing the functional group in the gel to be bound with a 
spacer or the ligand has been followed. 
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When the gel beads are formed in a porous structure, however, they do not acquire ample mechanical 
strength and suffer their porous structure to be broken under the impact liable to be inflicted thereon while 
they are in use. When the mechanical strength of these gel beads is exalted by increasing the degree of poly- 
merization through adjustment with a cross-linking agent, the pores contained in the gel beads of the porous 
structure are caused to decrease their diameters. While these gel beads permit fixation of a low molecular 
ligand or a spacer, they block entry of such substance as glycoprotein for which the ligand manifests affinity. 
Theoretically, the gel beads ought to form an adsorbent having a very high capacity for adsorption. Actually, 
however, they do not acquire any fully satisfactory quality as an affinity adsorbent. 

An object of this invention, therefore, is to provide a novel microsphere and a method for the production 
thereof. 

Another object of this invention is to provide a microsphere containing at a high concentration a functional 
group effective in adapting the polymer for an adsorbent which excels in mechanical strength, chemical sta- 
bility, and ability to effect efficient adsorption in a wide pH range. 

Yet another object of this invention is to provide a method for the production of a microsphere possessing 
the characteristics mentioned above and containing no impurities and, therefore, obviating the necessity for 
using a dispersion stabilizer in the process of production and permitting easy treatment for purification after 
the step of polymerization. 

The present inventors, for the purpose of attaining the objects mentioned above, have made a diligent 
study in search of a novel microsphere and a method for the production thereof. It has been consequently as- 
certained that the desire to obtain a microsphere possessing such high mechanical strength as has never been 
attained in the conventional polyacrylamide gel beads and containing at a high concentration a functional 
group effective in adapting the polymer for an adsorbent of high capacity for adsorption is satisfied by produc- 
ing the polymer in a finely divided and dispersed state such as to enlarge the surface area of the produced 
microfine gel and increase the number of functional groups (amide groups) on the surface of the gel beads 
and permit utilization of the functional groups on the surface of the gel beads instead of the functional groups 
in the pores of the gel beads and further that, in the precipitation polymerization of a monomer mixture including 
an ethylenically unsaturated amide ti\ an organic solvent such as, for example, an alcohol, preferably in a mixed 
solvent comprising of water and an organic solvent such as an alcohol as a means of obtaining the polymer in 
such a finely divided and dispersed state as mentioned above, the primary particles which are capable of avoid- 
ing secondary aggregation are obtained only when the amount of a cross-linking agent, the kind of a solvent, 
the concentration of an initiator, and the temperature of polymerization are simultaneously confined within ex- 
tremely limited ranges. Thus, the inventors have acquired a knowledge that the microsphere can be produced 
in the form of discrete particles without requiring use of a dispersion stabilizer (dispersion stabilizing polymer) 
and the produced polymer can be easily treated for purification. This invention has been perfected based on 
this knowledge. 

One object of this invention is accomplished by (1) a method for the production of a microsphere charac- 
terized by dissolving in an organic solvent such as an alcohol a monomer mixture including an ethylenically 
unsaturated amide and 10 to 70% by weight, based on 100% by weight of the monomer mixture, of a cross- 
linking agent thereby preparing a mixed solution, keeping the mixed solution at a temperature in the range of 
from 30° to 95 °C, and adding thereto at least one initiator selected from the group consisting of peroxide type 
initiators and azo type initiators in an amount such as to be contained therein at a final concentration in the 
range of from 1 x 10" 5 to 8 * 10- 2 moi/liter thereby inducing polymerization of the monomer mixture. 

Another object of this invention is accomplished by (2) a method according to the item (1), wherein the 
polymerization is carried out without addition of a dispersant 

Another object of this invention is accomplished by (3) a method according to the item (2), wherein water 
is added to the organic solvent in an amount of not more than 30% by weight based on 100% by weight of the 
whole amount of the solvent. 

Another object of this invention is accomplished by (4) a method according to the item (3), wherein the 
amount of water is in the range of from 10 to 25% by weight based on 100% by weight of the total amount of 
the solvent. . 

Another object of this invention is accomplished by (5) a method according to the item (1), wherein the 
ethylenically unsaturated amide is at least one member selected from the group consisting of acrylamide, me- 
thacrylamide, diacetone acrylamide, and N-hydroxymethyi acrylamide. 

Another object of this invention is accomplished by (6) a method according to the item (5), wherein the 
ethylenically unsaturated amide is acrylamide. 

Another object of this invention is accomplished by (7) a method according to the item (1), wherein the 
monomer mixture including an 'ethylenically unsaturated amide includes a monomer possessing at least one 
group selected from the class consisting of -OH group, -NH 2 group, and -SH group. 
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Another object of this invention is accomplished by (8) a method according to the item (7), wherein the 
content of the ethylenically unsaturated amide monomer in the monomer mixture including an ethylenically un- 
saturated amide is not more than 0.1 mol%. 

Another object of this invention is accomplished by (9) a method according to the item (1), wherein the 
5 amount of the monomer mixture to be added is in the range of from 0.1 to 70% by weight, based on the amount 
of the organic solvent. 

Another object of this invention is accomplished by (10) a method according to the item (1), wherein the 
crosslinking agent is a compound having at least two unsaturated double bonds in the molecular unit thereof. 

Another object of this invention is accomplished by (11) a method according to the item (1), wherein the 
w amount of the cross-linking agent to be added is in the range of from 15 to 60% by weight based on 100% by 
weight of the monomer mixture. 

Another object of this invention is accomplished by (12) a method according to the item (1), wherein the 
concentration of the initiator is in the range of from 0.5 * 10^ to 5 x 10~ 2 mol/liter of the mixed solution. 

Another object of this invention is accomplished by (13) a method according to the item (1), wherein the 
15 polymerization temperature is in the range of from 65° to 85 °C . 

Another object of this invention is accomplished by (14) a microsphere produced by the method according 
to any of the items (1) to (13) and characterized by possessing a hygroscopic coefficient in the range of from 
10 to 400% and a gelling ratio in the ratio of from 40 to 98%. 

Another object of this invention is accomplished by (1 5) a microsphere according to the item (14), wherein 
20 the microsphere has a particle diameter in the range of from 0.05 to 0.5 u.m. 

Another object of this invention is accomplished by (16) a microsphere according to the item (14), wherein 
the hygroscopic coefficient is in the range of from 50 to 300%. 

Another object of this invention is accomplished by (1 7) a microsphere according to the item (15), wherein 
the microsphere has a particle diameter in the range of from 0.08 to 0.4 urn. 
25 Another object of this invention is accomplished by (18) a microsphere according to the item (15), wherein 

the gelling ratio is in the range of from 50 to 90%. 

This invention is capable of manufacturing discrete polymer beads without requiring use of a dispersion 
stabilizer or a dispersion stabilizing polymer. The microsphere thus produced can be easily treated for purifi- 
cation and contains impurities very sparingly. The produced microsphere, therefore, can be utilized as a poly- 
30 acrylamide gel, i.e. one type of optimum substrate for the formation of an affinity adsorbent ideally used as a 
filler in affinity chromatography. Further, since it is in the form of physically and chemically stable, sparse, and 
strong gel beads of a porous structure which manifest hydrophilicity and chemical inactivity and possess an 
activable functional group and further since these gel beads are discrete and strong particles of a uniform size, 
the microsphere can be used fully satisfactorily as materials for cosmetic articles and for diagnostic reagents. 

35 

EXPLANATION OF THE PREFERRED EMBODIMENT 

Now, this invention will be explained more specifically below with reference to embodiments. 

The alcohols which are usable effectively for the production of a microsphere by the method of this inven- 

40 tion include monohydric alcohols such as methanol, ethanol, propanol, isopropanol, 1-butanol, 2-butanol, t- 
butyl alcohol, 1-pentanol, 2-pentanol, 3-pentanol, t-pentyl alcohol. 1-hexanoI, 2-hexanol, and 3-hexanol, di- 
hydric alcohols such as ethylene glycol, diethylene glycol, triethylene glycol, propylene glycol, dipropylene gly- 
col, 1,3-butylene glycol, neo-pentyl glycol, pentamethylene glycol, and hexamethylene glycol, trihydric alco- 
hols such as glycerol, alcohols of one to six carbon atoms such as ethylene glycol monomethyl ether, ethylene 

45 glycol monoethyl ether, ethylene glycol monobutyl ether, and ethylene glycol monoisobutyl ether, and various 
grades of polyethylene glycol having molecular weights of not more than 6000 and not less than 4000, for ex- 
ample. These organic solvents may be used either singly or in the form of mixtures of two or more members. 
Desirably, in the present invention, water is added, when necessary, to the alcohol as the organic solvent gen- 
erally in an amount of not more than 30% by weight, preferably in the range of from 10 to 25% by weight, and 

so more preferably from 15 to 20% by weight, based on 100% by weight of the whole solvent (the term "whole 
solvent" referring to the alcohol as an organic solvent plus water). If the amount of water thus added exceeds 
30% by weight, the excess of water will cause the produced gel beads to agglomerate will bring about an in- 
crease in the diameter of the gel beads. When this amount is in the range mentioned above, the gel beads are 
produced by precipitation polymerization in as thoroughly a dispersed state in a solvent as are obtained by 

55 dispersion polymerization without requiring use of a dispersion stabilizer in the process of polymerization. Thus, 
the water added in this amount is beneficial to the formation of a dispersible microsphere. 

Then, the ethylenically unsaturated amide monomers which are effectively usable for the production of 
the microsphere by the method of this invention include acryl amide, methacryl amide, diacetone acrylamide, 
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and N-hydroxymethyi acrylamide. for example. These monomers may be used either singly or in the form of 
a combination of two or more members. Among other monomers cited above, acrylamide proves to be partic- 
ularly desirable. 

The monomer mixture including an ethylenically unsaturated amide monomer is only required to be the 
combination of such an ethylenically unsaturated amide monomer as mentioned above with another monomer 
which is copolymerizable thereof. Since the produced microsphere is preferable to be rendered adjustable by 
the functional group on the surface thereof so as to permit selection of a ligand to be fixed on the microsphere, 
the other copolymerizable monomer mentioned above is preferable to be a monomer possessing at least one 
group selected from the class consisting of -OH group, -NH 2 group, and -SH group. These other copolymer- 
izable monomers may be used either singly or in the form of a combination of two or more members. 

The content of the ethylenically unsaturated amide monomer in the monomer mixture mentioned above 
is generally not less than 0.1 mol%, preferably not less than 0.3 mol%, and more preferably not less than 0.5 
mol%. If this content is less than 0.1 mol%, the produced polymer will not acquire a fully satisfactory particulate 
form. 

The amount of the monomer mixture to be added to the organic solvent mentioned above is generally in 
the range of from 0.1 to 70% by weight, preferably from 1 to 25% by weight, and more preferably from 2 to 
10% by weight, based on the amount of the organic solvent. If the amount of the amide monomer to be used 
in the mixed solution is less than 0.1% by weight, the velocity of polymerization reaction will be unduly low 
and the produced microsphere will acquire no satisfactory quality because of an extremely low monomer con- 
centration in the mixed solution. Conversely, if this amount exceeds 70% by weight, the usability of the pro- 
duced polymer as a filler in affinity chromatography is questionable because the polymer beads have an unduly 
large diameter and are susceptible of secondary aggregation. Since a proteinaceous substance having a low 
speed of diffusion is at an advantage in easily diffusing and describing a sharp solute band, the beads which 
are to be used as a filler for affinity chromatography are desired to be amply minute globular particles having 
a uniform diameter. 

Now, the cross-linking agent which can be used in this invention is a compound possessing at least two 
unsaturated double bonds in the molecular unit thereof. As typical examples of the cross-linking agent, alkylene 
bis-acrylamides such as N,N'-methylene bis-acryl amide, ethylene bis-acryl amide, and piperodine acryla- 
mide, alkylene di(meth)acrylates such as ethylene di(meth)acrylate. di<meth)acrylates of various bisphenol A 
derivatives as ethylene glycol di(meth)acrylate, polyethylene glycol di(meth)acrylate, and bisphenol A di- 
(meth)acrylate, di-, tri-, or tetra-(meth)acrylic acid esters of polyhydric alcohols such as glycerol and pentaer- 
ythritol, di- or tri-(meth)acrylates of ethylene oxide-modified phosphoric acids, di- or tri-(meth)acryiic acid es- 
ters of oligoester (meth)-acrylates, polyester (meth)acrylates, urethane acrylate, isocyanurate, or derivatives 
thereof, N-alkoxy methyl (meth)-acryi amide derivatives such as vinyl (meth)acrylate t acryl (meth)acrylate, 
poly-N-methylol acryl amide, N-methylol acrylamide, trimethylol propane trimethacrylate, N-methylot 
(meth)acrylamide, N-methoxymethyl acrylamide, N-ethoxymethyl acrylamide, N-n-butoxymethyl acrylamide, 
N-n-butoxymethyl (meth)-acrylamide, N-isobutoxymethyl acrylamide, and N-t-octoxymethyl acrylamide, divi- 
nyl benzene, vinyl acetate, chloromethyl styrene, urea-formaldehyde resin, bis-oxazoline type compounds, epi- 
chlorohydrin, 1,3-dichloroisopropanol, and glycerin diglycidyl ether may be cited. They are popularly used as 
cross-linking agents. 

Since the present invention is mainly aimed at utilizing the surface functional groups of the produced mi- 
crosphere, it is required to enable the produced microsphere to acquire an increased bulk density and conse- 
quently manifest a high mechanical strength and a large density in contrast with the conventional porous par- 
ticles which require the diameter of pores therein to be adjusted as by varying the amount of a cross-linking 
agent to be added in the process of polymerization. Thus, the amount of the cross-linking agent to be added 
is generally in the range of from 10 to 70% by weight, preferably from 15 to 60% by weight, and more preferably 
from 25 to 50% by weight, based on 1 00% by weight of the monomer mixture mentioned above. If this amount 
of addition is less than 10% by weight, the produced microsphere is at a disadvantage in being deficient in 
cross-linking degree, mechanical strength, thermal and chemical stability, ability to tolerate repeated treat- 
ments in an autoclave at an elevated temperature (110° to 120 °C), capacity for safe performance in a wide 
pH range, and stability to withstand various organic solvents and, therefore, being not fully suitable for use as 
a substrate for a filler in affinity chromatography. Conversely, if this amount exceeds 70% by weight, the 
amount of the cross-linking agent which remains in the microsphere after the polymerization is so large as to 
impair the economy of the production. Though the aforementioned problems which are attendant on the in- 
sufficient use of the cross-linking agent are no longer suffered, an undue increase in the cross-linking agent 
entails the problem that the microsphere, when used as an affinity adsorbent or a filler for affinity chromatog- 
raphy, will not manifest a capacity for adsorption as expected. 

The peroxide type initiators and the azo type initiators which are effectively usable in this invention em- 
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brace all the same types of initiators which have been heretofore known to the art. As typical examples of the 
peroxide type initiators, benzoyl peroxide (BPO) and substitution products thereof, diacyl peroxides (RCOOO- 
COR), dialkyl peroxides (ROOR), ester peroxides (RCOOOR*), peroxy carbonate (ROCOOOCOOR), hydro- 
peroxides (ROOH), and redox initiators obtained by combining these peroxides with a reducing substance may 
be cited. As typical examples of the azo initiators, N-nitroso-acylallyl amine, a.a'-azo-bis-isobutyronitrile 
(AIBN), azo-bis-esters [RR'(COOR M )-CN-NC(COOR")RR'], azo-triphenyl methane [C 6 H 5 N=NC(C 6 H 5 ) 3 ] ( dia- 
zoamino benzene (C 6 H 5 N=NNHC 6 H 5 ], diazo-thioethers (RN=RSR'), tetramethyl tetrazene 
[(CH 3 ) 2 NN=NN(CH 3 ) 2 ], diazo-methanes (RC=R=N], and sulfone azides (RS02N=N=N] may be cited. In this in- 
vention, these initiators may be used in the form of a combination of two or more members. 

The concentration at which the initiator is used in the polymerization is generally in the range of from 1 x 
10- 5 to 8 x 10- 2 mol/liter, preferably from 0.5 * 1CH to 8 * 10" 2 mol/liter, and more preferably from 0.5 x 10" 3 
to 8 x 10- 3 mol/liter, based on the volume of the mixed solution of monomer. If the concentration of the initiator 
deviates from the range, 1 * 10~ 5 to 8 x 10~ 2 mol/liter, the produced polymer is invariably at a disadvantage in 
assuming the form of non-globular coarse particles. 

Then, in the polymerization of this invention, the mixed solution of monomer mentioned above is kept gen- 
erally in a temperature range of 30° to 95 °C, preferably 65° to 85 °C, and more preferably 70° to 80 °C, the 
initiator mentioned above is added thereto at a concentration in the range mentioned above, and the ensuing 
polymerization is carried out for a period generally in the range of from 2 to 15 hours, preferably from three to 
10 hours, and more preferably from 3 to 7 hours. 

If the temperature of the mixed solution of monomer during the process of polymerization is less than 30 
°C, the speed of dissolution of the initiator will be unduly low and the amount of a radical to be formed by the 
dissolution of the initiator will not be sufficient. Conversely, if this temperature exceeds 95 °C, the amount of 
a radical to be formed by the dissolution of the initiator will be unduly large and the heat of polymerization re- 
action will grow and the safety of operation will be impaired. If the time of polymerization reaction is less than 
three hours, the produced polymer particles will not have fully undergone the process of formation and the 
yield of polymerization will be extremely low. Conversely, if this time exceeds seven hours, the excess of time 
will be only wasted because the polymerization reaction has been completed within the span of seven hours. 

After the polymerization is completed, it is necessary that the radical polymerization reaction still in process 
be stopped as by suddenly lowering the reaction temperature with an ice bath. No particular restriction is im- 
posed on such factors as the stirring force (number of revolutions), pressure, and atmosphere to be used during 
the polymerization. These factors may be suitably selected in due consideration of the numerical ranges men- 
tioned above. Desirably, the polymerization is carried out in an atmosphere of inactive gas under normal pres- 
sure with the solution kept stirred at a rate in the range of from 50 to 5000 rpm to ensure uniform distribution 
of the temperature of the reaction system. 

As remarked time and again herein before, this invention does not contemplate adding a dispersion sta- 
bilizer to the reaction system during the polymerization. Generally, a dispersion stabilizer has the advantage 
of enabling discrete polymer particles to be obtained under a wide range of polymerization conditions. If this 
dispersion stabilizer is used contrary to this invention, however, it will do more harm than good because the 
reaction solution obtained at the end of the polymerization is not sufficiently purified because of inevitable tech- 
nical difficulty and the dispersion stabilizer persisting in the produced polymer, when this produced polymer 
is utilized for reactions associated with biology, exerts an adverse effect on the reactions as impurities. Thus, 
this invention dictates the necessity for avoiding the use of a dispersion stabilizer during the polymerization. 

The produced microsphere can be readily purified by any of the standard methods heretofore known to 
the art because it does not contain such impurities as dispersion stabilizer. For example, the microsphere of 
this invention may be purified and obtained in the form of a xerogel by a such a method as employed in the 
examples cited hereinbelow which comprises the steps of centrif uging the reaction solution resulting from the 
polymerization by means of a centrifugal separator thereby separating the microsphere from the solution, the 
solvent (alcohol), or the reprecipitation solvent for polymer (purifying water and acetone), further separating 
and purifying the microsphere by decantation or filtration, and finally drying the separated microsphere as by 
vacuum desiccation. This invention does not need to limit the purification of the produced microsphere to the 
particular method just mentioned, it allows the purification to be implemented by any of the methods of puri- 
fication heretofore known to the art. 

The microsphere which is obtained by the method of production mentioned above is intended to utilize 
exclusively the surface functional group of the polymer beads instead of the functional group in the pores of 
the polymer beads. It is, therefore, desired to have the smallest possible particle diameter and consequently 
the largest possible surface area and the largest possible number of functional groups on the surface of the 
gel beads and, for the purpose of use as a filler in affinity chromatography, to fulfill additionally the requirement 
that the microsphere be in the form of globular particles of a uniform diameter. The microsphere, therefore, is 
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required to have a hygroscopic coefficient generally in the range of from 10 to 400%, preferably from 50 to 
300%. and more preferably from 100 to 250%. If the hygroscopic coefficient is less than 10%. the produced 
microsphere will be at a disadvantage in having undergone cross-linking to an excess degree and consequently 
acquiring extremely high density and manifesting hydrophobic characteristics conspicuously while acquiring 
ample mechanical strength. Conversely, if the hydroscopic coefficient exceeds 400%, the produced micro- 
sphere will be at a disadvantage in having undergone cross-linking to an unduly low degree and therefore man- 
ifesting no sufficient mechanical strength while acquiring a porous structure having a relatively large pore di- 
ameter. The "hygroscopic coefficient of microsphere" under consideration is defined to be a magnitude of (B 
- A)/A x 100, wherein A and B are numerical values which are to be obtained by the following procedures. (1) 
A given dry microsphere is weighed. The weight thus found is reported as A. (2) This dry microsphere is left 
standing in a large excess of water for 24 hours. (3) The wet microsphere is centrifuged under the conditions 
of 1 0,000 rpm and 1 7,680 G for 20 minutes to expel excess water. (4) The microsphere containing the absorbed 
water and undergone the centrifu gation is weighed. The weight thus found is reported as B. The steps (1) 
through (4) mentioned above are carried out invariably at 25 °C under one atmosphere. 

The gellation ratio of the microsphere is generally in the range of from 40 to 98%, preferably from 50 to 
90%, and more preferably from 70 to 85%. If the gelling ratio exceeds 98%, the produced microsphere will be 
at a disadvantage in having undergone cross-linking to an excessive degree and consequently assuming an 
extremely high density and manifesting hydrophobic characteristics conspicuously while acquiring sufficient 
mechanicaf strength. Conversely if this gelling ratio is less than 40%, the produced microsphere will be at a 
disadvantage in having undergone cross-linking to an insufficient degree and manifesting no sufficient mech- 
anical strength while acquiring a porous structure having a relatively large pore diameter. The "gelling ratio of 
microsphere" under consideration is defined to be a magnitude of (B/A) * 100. wherein A and B stand for the 
numerical values which are to be obtained by the following procedures. (1) In 100 ml of water, A g of^a given 
microsphere js placed. (2) The polymer is left standing in water at 50 °C for 24 hours. (3) Then, the wet micro- 
sphere is centrifuged under the conditions of 10000 rpm and 17,680 G for 20 minutes to expel excess water. 
(4) The microsphere which has absorbed water and undergone the centrif ugation is dehydrated and dried. (5) 
The dry microsphere consequently obtained is weighed and the weight thus found is reported as B g. The steps 
(1) and (3) to (5) are invariably carried out at 25 °C under one atmosphere. 

The particle diameter of the microsphere is generally in the range of from 0.05 to 0.5 urn, preferably from 
0.08 to 0.4 urn, and more preferably from 0.1 to 0.3 urn. Ideally, the particle diameter is preferable to be as 
small as permissible. The lower limit, 0.05 ^m, equals the diameter of the cores of the minute particles which 
are formed during the initial stage of polymerization. Any decrease of the particle diameter below this lower 
limit, therefore, is inconceivable because it is difficult to form such extremely minute particles from the practical 
point of view. If the particle diameter exceeds 0.5 urn, the produced microsphere will be at a disadvantage in 
acquiring no sufficient surface area and containing surface functional groups only in an unduly small concen- 
tration. 

From the description given above, it is plain that when a microsphere has hygroscopicity coefficient, gel- 
lation ratio, and particle diameter in the respective ranges mentioned above, it exhibits high mechanical 
strength, chemical stability to withstand solutions of various salts, surfactants, and guanidine hydrochloride 
which are used in ordinary affinity chromatography, and ability to function safely in a wide pH range (pH 2 to 
10) and contains at a high concentration such advantageous functional groups as adapt the microsphere for 
an adsorbent of a high capacity for adsorption. 

Now, this invention will be described more specifically below with reference to working examples. 

Example 1 

In an atmosphere of nitrogen, 25 g of acrylamide and 20.5 g of N.N'-methytene bis-acryl amide as a cross- 
linking agent (the ratio of the cross-linking agent 45.1 % by weight to 1 00% by weight of acryi amide) were stirred 
and dissolved in 1000 ml of ethanol while dissolved oxygen was thoroughly removed meanwhile. Then, the 
resultant monomer mixture kept at 70 °C and combined with 0.821 g of a.a'-azo-bis-isobutyronitrile as an ini- 
tiator (initiator concentration 5 x 1 Ch 3 mol/liter) was caused to polymerize at pH 6.5 for 3 hours. After the reaction 
was completed, the produced polymer still held in a polymerization vessel was suddenly cooled in an ice bath 
to stop the radical polymerization in process. Consequently, a microsphere was obtained in the form of minute 
discrete beads. 

Then, the reaction solution was separated by a centrifugal separator into the produced microsphere of 
polyacrylamide and a supernatant The microsphere was combined with 1000 ml of newly supplied alcohol, 
stirred vigorously for 1 hour, and thereafter subjected to centrifugal separation. This procedure was repeated 
a total of 3 times. The finally separated microsphere was separated by a glass filter and dried under a reduced 
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pressure at 50 °C. 

The microsphere thus obtained was dissolved with purified water as a solvent to form an aqueous 5 wt% 
polymer solution. This aqueous polymer solution was combined with 20 times its quantity of acetone as a pre- 
cipitating agent and they were thoroughly stirred together to induce reprecipitation. The resultant reaction sol- 
5 ution was then centrifuged to separate the microsphere and a supernatant. This procedure was repeated once 
more. The finally separated microsphere was separated by a glass filter and then dried under a reduced pres- 
sure at 50 °C to complete purification. 

The microsphere thus obtained had particle diameters distributed in a narrow range and an average par- 
ticle diameter of 0. 1 4 \xm. The yield was 95.2%. The hygroscopic coefficient of the microsphere was 1 52% and 
w the gellation ratio thereof 83%. 

Example 2 

Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
15 changing the amount of N,N'-methylene bis-acrylamide from 20.5 g to 12.5 g (33.3% by weight based on 100% 
by weight of acrylamide) and the temperature from. 70 °C to 80 °C. 

The polyacrylamide consequently obtained was a microsphere in the form of discrete beads having particle 
diameters distributed in a narrow range and an average particle diameter of 0.18 f.im. The yield was 101.8%. 
The hygroscopic coefficient of the microsphere was 187% and the gellation ratio thereof 72%. 

20 

Example 3 

Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
changing the amount of N.N'-methylene bis-acrylamide from 20.5 g to 12.5 g (33.3% by weight based on 100% 
25 by weight of acrylamide) and the temperature from 70 °C to 60 °C and using 1.615 g of benzoyl peroxide (5 
x 10- 3 mol/liter) in the place of 0.821 g of a,cx'-azo-bis-isobutyronitrile as an initiator. 

The polyacrylamide consequently obtained was a microsphere in the form of discrete beads having particle 
diameters distributed in a narrow range and an average particle diameter of 0.21 um. The yield was 94.0%. 
The hygroscopic coefficient of the microsphere was 205% and the gellation ratio thereof 70%. 

30 

Example 4 

Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
changing the amount of N.N'-methylene bis-acrylamide from 20.5 g to 12.5 g (33.3% by weight based on 100% 
35 by weight of acrylamide) and the temperature from 70 °C to 60 °C and using 0.1 614 g of benzoyl peroxide (5 
x 10^ mol/liter) in the place of 0.821 g of a,a'-azo-bis-isobutyronitrile as an initiator. 

The polyacrylamide consequently obtained was a microsphere in the form of discrete beads having particle 
diameters distributed in a narrow range and an average particle diameter of 0.15 ^m. The yield was 96.5%. 
The hygroscopic coefficient of the microsphere was 179% and the gellation ratio thereof 76%. 

40 

Example 5 

Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
using 1000 ml of methyl alcohol in the place of 1000 ml of ethyl alcohol and changing the amount of acrylamide 
45 from 25 g to 30 g and the amount of N.N'-methylene bis-acrylamide from 20.5 g to 24.5 g (45% by weight based 
on 100% by weight of acrylamide). 

The polyacrylamide consequently obtained was a microsphere in the form of discrete beads having particle 
diameters distributed in a narrow range and an average particle diameter of 0.17 \xm. The yield was 95.5%. 
The hygroscopic coefficient of the microsphere was 161% and the gellation ratio thereof 82%. 

50 

Example 6 

Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
using 1 000 ml of propyl alcohol in the place of 1 000 ml of ethyl alcohol and changing the amount of acryl amide 
55 from 25 g to 30 g, the amount of N,N f -methylene bis-acrylamide from 20.5 g to 24.5 g (45% by weight based 
on 100% by weight of acrylamide), and the temperature from 70 °C to 6 °C. 

The polyacrylamide consequently obtained was a microsphere in the form of discrete beads having particle 
diameters distributed in a narrow range and an average particle diameter of 0.13 |im. The yield was 98.3%. 
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The hygroscopic coefficient of the microsphere was 163% and the gellation ratio thereof 80%. 
Example 7 

Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
using 800 ml of ethyl alcohol + 200 ml of H 2 0 (20% by weight of H 2 0 incorporated therein) in the place of 1 000 
ml of ethyl alcohol. 

The polyacryl amide consequently obtained was a microsphere in the form of discrete beads having par- 
ticle diameters distributed in a narrow range and an average particle diameter of 0.18 j.im. The yield was 94.1%. 
The hygroscopic coefficient of the microsphere was 185% and the gellation ratio thereof 74%. 

Example 8 

Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
using 750 ml of ethyl alcohol + 250 ml of H 2 0 (25% by weight of H 2 0 incorporated therein) in the place of 1 000 
ml of ethyl alcohol. 

The polyacrylamide consequently obtained was a microsphere in the form of discrete beads having particle 
diameters distributed in a narrow range and an average particle diameter of 0.18 (am. The yield was 96.9%. 
The hygroscopic coefficient of the microsphere was 172% and the gellation ratio thereof 86%. 

Example 9 

Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
using 850 ml of ethyl alcohol + 150 ml of H 2 0 (15% by weight of H 2 0 incorporated therein) in the place of 1000 
ml of ethyl alcohol and changing the amount of N,N'-methylene bis-acryl amide from 20.5 g to 25 g (50% by 
weight based on 100% by weight of acrylamide). 

The polyacrylamide consequently obtained was a microsphere in the form of discrete beads having particle 
diameters distributed in a narrow range and an average particle diameter of 0.17 urn. The yield was 97.4%. 
The hygroscopic coefficient of the microsphere was 172% and the gellation ratio thereof 86%. 

Example 10 

Polymerization and su bsequent purification were carried out by following the procedure of Example 1 while , 
using 850 ml of methyl alcohol + 150 ml of H 2 0 (15% by weight of H 2 0 incorporated therein) in the place of 
1 000 ml of ethyl alcohol. 

The polyacryl amide consequently obtained was a microsphere in the form of discrete beads having par- 
ticle diameters distributed in a narrow range and an average particle diameter of 0. 1 8 jim. The yield was 96.9%. 
The hygroscopic coefficient of the microsphere was 169% and the gellation ratio thereof 79%. 

Example 11 

Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
using 900 ml of ethyl alcohol + 1 00 ml of H 2 0 (1 0% by weight of H 2 0 incorporated therein) in the place of 1 000 
ml of ethyl alcohol. 

The polyacrylamide consequently obtained was a microsphere in the form of discrete beads having particle 
diameters distributed in a narrow range and an average particle diameter of 0.15 u.m. The yield was 93.3%. 
The hygroscopic coefficient of the microsphere was 172% and the gellation ratio thereof 75%. 

Control 1 

Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
changing the amount of N,N'-methylene bis-acrylamide from 20.5 g to 0.8 g (3.1% by weight based on 100% 
by weight of acrylamide). 

The polyacrylamide consequently obtained was not a microsphere in the form of discrete particles but a 
polymer in the form of non-globular coarse particles. Thus, it could not be subsequently tested for average 
particle diameter, yield, hygroscopic coefficient, or gellation ratio. 



EP 0 659 779 A2 



Control 2 



Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
changing the amount of N.N'-methylene bis-acryl amide from 20.5 g to 58.5 g (70.1 % by weight based on 1 00% 
by weight of acryl amide). 

The polyacrylamide consequently obtained was not a microsphere in the form.of discrete particles but a 
polymer in the form of non-globular coarse particles. Thus, it could not be subsequently tested for average 
particle diameter, yield, hygroscopic coefficient, orgellation ratio. 

Control 3 

Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
changing the amount of a,a'-azo-bis-isobutyronitrile from 0.821 g to 0.000821 g (concentration of initiator 5 
* ^0- 6 mol/liter). 

The polyacryl amide gel actually obtained consequently was in an extremely small amount. Under the be- 
lief that the production of this polyacryl amide in a sufficient amount would require the polymerization to be 
continued for a long time, the experiment was discontinued. 



Control 4 



Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
changing the amount of a,a'-azo-bis-isobutyronitrile'from 0.821 g to 82.105 g (concentration of initiator 5 x 
10- 1 mol/liter). 

The polyacrylamide consequently formed underwent aggregation and formed coarse gel lumps. The poly- 
merization failed to produce a microsphere in the form of discrete particles. Thus, the polyacrylamide could 
not be subsequently tested for average particle diameter, yield, hygroscopic coefficient, or gellation ratio. 

Control 5 



Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
using 0.001615 g of benzoyl peroxide (initiator concentration 5x10^ mol/liter) in the place of 0.821 gofa.a'- 
azo-bis-isobutyronitrile. 

The polyacrylamide consequently obtained was not a microsphere in the form of discrete particles but a 
polymer in the form of non-globular coarse particles. Thus, it could not be subsequently tested for average 
particle diameter, yield, hygroscopic coefficient, orgellation ratio. 

Control 6 



Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
using 161 .4866 g of benzoyl peroxide (initiator concentration 5 x1th 1 mol/liter) in the place of 0.821 gofa,a- 
azo-bis-isobutyronitrile. 

The polyacrylamide consequently formed underwent aggregation and formed coarse gel lumps. The poly- 
merization failed to produce a microsphere in the form of discrete particles. Thus, the polyacrylamide could 
not be subsequently tested for average particle diameter, yield, hygroscopic coefficient, or gellation ratio. 

Control 7 



Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
changing the temperature of polymerization from 70 °C to 20 °C. 

Since the polyacrylamide actually obtained consequently was in an extremely small amount, the experi- 
ment was discontinued. 



Control 8 

Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
changing the temperature of polymerization from 70 °C to 25 °C. 

Since the polyacrylamide actually obtained consequently was in an extremely small amount, the experi- 
ment was discontinued. 

10 
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Control 9 

Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
using 600 ml of ethyl alcohol + 400 ml of H 2 0 (40% by weight of H 2 0 incorporated) in the place of 1000 ml of 
ethyl alcohol. 

The polyacrylamide consequently formed underwent aggregation and formed coarse gel lumps. The poly- 
merization failed to produce a microsphere in the form of discrete particles. Thus, the polyacrylamide could 
not be subsequently tested for average particle diameter, yield, hygroscopic coefficient, or gellation ratio. 

Control 10 

Polymerization and subsequent purification were carried out by following the procedure of Example 1 while 
using 650 ml of ethyl alcohol + 350 ml of H 2 0 (35% by weight of H 2 0 incorporated) in the place of 1000 ml of 
ethyl alcohol and 1.615 g of benzoyl peroxide (5 x 10~ 3 mol/liter) in the place of 0.821 g of ct.cx-azo-bis-isobu- 
tyronitrile. 

The polyacryl amide consequently formed underwent aggregation and formed coarse gel lumps. The poly- 
merization failed to produce a microsphere in the form of discrete particles. Thus, the polyacrylamide could 
not be subsequently tested for average particle diameter, yield, hygroscopic coefficient, or gellation ratio. 

The main production conditions used in Examples 1 to 11 and Controls 1 to 10 and the properties of the 
microspheres obtained therein are shown in Table 1 and Table 2. 
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Table 2 





! 

i Example 

! 


i 
i 

j Polymer particle diameter 


Yield 


Hygroscopicity 


Gellation ratio 


5 


i 


j 

I 0.05-0.5 (urn) 


% 


10-400 (%) 


40-98 (%) 




Example 1 


i 

0.14 


95.2 


152 


83 




Example 2 


0.18 


101.8 


187 


72 


10 


Example 3 


0.21 


94.0 


205 


• 

70 




Example 4 


0.15 


96.5 


179 


76 




Example 5 


0.17 


95.5 


161 


82 


15 


Example 6 


0.13 


98.3 


163 


80 




Example 7 




0.18 


94.1 


185 


74 




Example 8 


0.18 


96.9 


172 


86 


20 


Example 9 


0.17 


97.4 


172 


86 




Example 10 


0.18 


96.9 


169 


79 




Example 11 


0.15 


93.3 


172 


75 


25 


Control 1 


- 


- 


- 


- 




Control 2 


* 


- 


- 






Control 3 


- 


- 


- 




- 


30 


Control 4 
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- 


- 


- 




Control 5 
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- 


- 
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Control 7 
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Claims 

1 . A method for the production of a microsphere which comprises: dissolving in an organic solvent a monomer 
mixture including an ethylenically unsaturated amide and 10 to 70% by weight, based on 100% by weight 
of the monomer mixture, of a cross-linking agent thereby preparing a mixed solution; maintaining mixed 
solution at a temperature in the range of from 30 to 95°C; and adding thereto at least one initiator selected 
from peroxide type initiators and axo type initiators in such an amount that the final concentration of the 
initiator is in the range of from 1 x 10~ 5 to 8 x 10~ 2 mol/liter, thereby inducing polymerisation of the monomer 
mixture. 

2. A method as claimed in Claim 1, characterised in that the solvent is an alcohol. 

3. A method as claimed in Claim 1 or Claim 2. characterised in that the polymerisation is carried out without 
addition of a dispersant. . 
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4. A method as claimed in any preceding Claim, characterised in that water is added to the organic solvent 
in an amount of not more than 30% by weight, and preferably 10 to 25% by weight, based on 100% by 
weight of the whole amount of the solvent. 

5 5. A method as claimed in any preceding Claim, characterised in that the ethyienically unsaturated amide 
is at least one member selected from acrylamide, methacrylamide, diacetone acrylamide, and N-hydrox- 
ymethyl acrylamide. 

6. A method as claimed in any preceding Claim, characterised in that the monomer mixture includes a mono- 
w mer possessing at least one group selected from -OH group, -NH 2 group, and -SH group, 

7. A method as claimed in any preceding Claim, characterised in that the content of ethyienically unsaturated 
amide monomer in the monomer mixture is not more than 0.1 mol%. 

8. A method as claimed in any preceding Claim, characterised in that the amount of the monomer mixture 
to be added is in the range of from 0.1 to 70% by weight, based on the amount of the organic solvent. 

9. A method as claimed in any preceding Claim, characterised in that the cross-linking agent is a compound 
having at least two unsaturated double bonds in its molecular unit. 

20 1 0. A method as claimed in any preceding Claim, characterised in that the amount of the cross-linking agent 
to be added is in the range of from 1 5 to 60% by weight based on 1 00% by weight of the monomer mixture. 

11. A method as claimed in any preceding Claim, characterised in that the concentration of the initiator is in 
the range of from 0.5 x 10- 4 to 5 x 10~ 2 mol/ltter of the mixed solution. 

12. A method as claimed in any preceding Claim, characterised in that the polymerisation temperature is in 
the range of from 65 to 85°C. 

13. A microsphere produced by a method as claimed in any preceding Claim, and possessing a hydroscopic 
coefficient in the range of from 10 to 400% preferably from 50 to 300%, and a gelling ratio in the range 
of from 40 to 98%, preferably 50 to 90%. 

14. A microsphere as claimed in Claim 13, characterised in that the microsphere has a particle diameter in 
the range of from 0.05 to O.S^im, preferably 0.08 to 0.4f.im. 
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(54) Microsphere and method for production thereof 



(57) A method for the production of a microsphere 
without use of a dispersion stabilizer is disclosed which 
permits the microsphere to be produced in the form of 
discrete particles readily treatable for purification. The 
method which produces this microsphere comprises the 
steps of dissolving in an organic solvent such as an al- 
cohol a monomer mixture including an ethylenically un- 
saturated amide and 10 to 70% by weight based on 
100% by weight of said monomer mixture, of a cross- 
linking agent thereby preparing a mixed solution : keep- 
ing said mixed solution at a temperature in the range of 



from 30° to 95 °C. and adding thereto at least one initi- 
ator selected from the group consisting of peroxide type 
initiators and azo type initiators in an amount such as to 
be contained therein at a final concentration in the range 
of from 7 x 10" 5 to 8 x 10" 2 mol/liter thereby inducing 
polymerization of said monomer mixture. The micro- 
sphere consequently obtained can be used as one kind 
of a substrate most suitable for the preparation of an 
affinity adsorbent serving ideally as a filler for use in af- 
finity chromatography. 
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